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Received 11 January 2005; accepted 16 June 2005AbstractThe Caspian Sea (CS), the world’s largest inland sea, may also be considered as large-scale limnic system. Due to
strong ﬂuctuations of its water level during the 20th century and the ﬂooding of vast areas in a highly vulnerable
coastal zone, economic and environmental risk potentials have to be considered. Since the major water input into the
CS is attributed to the Volga river, the understanding of its long-term ﬂow process is necessary for an appropriate risk
assessment for the CS and its coastal area. Therefore, a top–down approach based on statistical analyses of long-term
Volga ﬂow series is pursued. For the series of annual mean ﬂow (MQ) of the Volga river basin during the 20th century,
a complex oscillation pattern was identiﬁed. Analyses for multiple gauges in the Volga river basin and Eurasian
reference basins revealed that this oscillation pattern resulted from the superposition of oscillations with periods of
30 years (MQ) in the western part of the Volga river basin, and 14 years (ﬂow volume of snowmelt events) and 20
years (ﬂow volume of summer and autumn) in the eastern part of the Volga river basin (Kama river basin). Almost
synchronous minima or maxima of these oscillations occurred just in the periods of substantial changes of the Caspian
Sea level (CSL). It can thus be assumed that the described mechanism is fundamental for an understanding of the CSL
development during the 20th century. Regarding the global climate change, it is still difﬁcult to predict reliably the
development of the CSL for the 21st century. Consequently, we suggest an ongoing, interdisciplinary research
co-operation among climatology, hydrology, hydraulics, ecology and spatial data management.
r 2005 Elsevier GmbH. All rights reserved.
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The Caspian Sea (CS) (Fig. 1) is the world’s largest
inland sea. With its surface area of about 400,000 km2, it
borders on ﬁve nations (Russia, Iran, Turkmenistan,
Azerbaijan and Kazakhstan). Especially with regard to
the occurrence of oil and gas, the CS and its coastal areae front matter r 2005 Elsevier GmbH. All rights reserved.
no.2005.06.001
ing author. Tel.: +49721 6083692;
1329.
ess: helms@iwk.uka.de (M. Helms).offer a high economic value. On the other hand,
economic and environmental risk potentials due to
ﬂooding and partly conﬂicting interests in the Caspian
region have to be considered. After intensive building
activity during the middle of the 20th century (including
plants for the production and storage of oil and gas), the
Caspian Sea level (CSL) rose substantially since about
1977. In several surge events in the late 1980s and 1990s,
vast areas were ﬂooded. The ﬂood risk does not only
concern the inundated objects themselves, but due to
leakage of harmful substances from inundated objects
ARTICLE IN PRESS
Fig. 1. Caspian Sea and the Volga river basin with its river
network, main tributary catchments and selected gauges.
Fig. 2. Long-term development of the annual mean water level
(W) of the Caspian Sea and the annual mean ﬂow (MQ) of the
Volga river showing a decreasing trend. Arrows indicate
problematic periods of rapid sea level changes.
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urgency of this international problem is reﬂected by
the fact that the UN Environment Programme (UNEP)
has organised an international conference dealing with
this topic in 1994 and UNESCO has launched an
international research initiative (UNESCO, 2001). A
detailed description of the problem will be given in the
next section.
Since the major water input into the CS is attributed
to the Volga river (Golitsyn, 1999), the understanding of
its long-term ﬂow process is fundamental for an
assessment of the problematic CSL ﬂuctuations. In the
scope of the German–Russian co-operation project
‘‘Volga–Rhine’’ (funded by the German Federal Minis-
try of Education and Research and the Ministry of
Industry, Science and Technologies of the Russian
Federation) we pursued a top–down approach of
statistical analyses of long-term ﬂow series at selected
gauges in the Volga river basin (see Fig. 1). Although the
focus of the present study is on problems at the CS, theresults are also relevant for the Volga river management
and may contribute to a spatio-temporally differentiated
planning for the water and energy resources of the
Volga–Kama cascade.
The paper may be outlined as follows: in the next
section, a more detailed description of the water-related
risk situation in the CS and its coastal area will be given.
We follow up this with a section that will deal with
statistical analyses of the long-term series of annual
mean ﬂow (MQ) at the gauge of Volgograd representing
the overall basin. After a short introduction of the
applied methods, a complex oscillation pattern will be
identiﬁed for this series. A hypothesis regarding the
impact of superimposing minima or maxima of involved
oscillation components on the problematic CSL ﬂuctua-
tions during the 20th century will be derived. To
substantiate this hypothesis, these oscillation compo-
nents will be assigned to relevant hydrologic processes
according to the results of analyses of ﬂow series of
selected Volga sub-catchments (penultimate section). In
addition, results from various Eurasian reference
basins also will be reported to give further evidence
for the hypothesis. In the last section, conclusions will
be drawn and perspectives of ongoing research will be
discussed.Water-related risk situation of the Caspian Sea
and its coastal area
Regarding the long-term development of the annual
mean CSL, the problem is obvious (Fig. 2). Between
1933 and 1976, the CSL decreased about 3m. However,
most of this decrease occurred in the 1930s. Between the
1940s and the middle of the 1970s, the decrease was
relatively moderate. Taking into account the withdrawal
of river water in the Caspian basin (for irrigation and
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cascade), the CSL would have been more or less stable
during the latter period (Golitsyn, 1995). Since about
1977, the CSL rose substantially (about 2.5m in sum)
causing considerable damage in the coastal areas.
According to the UNEP, the overall ﬁnancial loss was
30–50 billion US-$ (Golitsyn, 1999).
Such ﬂuctuations of the CSL were no exception in the
history of the CS. The estimated ﬂuctuations over the
past 2000 years range from 7 to 9m (Naydenko, 2003).
Hence, in many coastal areas the construction of
buildings was avoided or even prohibited for centuries
(Golitsyn, 1999). However, after the decrease of the CSL
in the 1930s, the building activity in the coastal area was
adapted to the lower level of the shoreline. Since
enormous natural energy resources occur in the Caspian
region, many plants for the production and storage of
oil and gas were installed (Fig. 3). Therefore, the risk
associated with the rising CSL is evident. The situation
has become still more critical due to the following
facts:FigPresent-day CSL would be about 1.5m higher
without the withdrawal of river water in the Caspian
basin for irrigation and other needs (Golitsyn, 1995,
1999). Rising groundwater levels in the coastal area
destabilised foundations of many buildings causing
an increased vulnerability to frequent earthquakes in
this area (Caspiy.Net, 2002). In addition to the long-term ﬂuctuation of the annual
mean CSL, a seasonal ﬂuctuation with an average
amplitude about 40 cm has to be taken into account
(Golitsyn, 1995, 1999). With respect to the rising CSL, especially the coastal
zone in the north-eastern part of the CS is highly
vulnerable due to the very ﬂat morphology of the sea. 3. Northern part of the Caspian Sea with its coastal area.bottom and the coastal area (Fig. 3). Due to the
shallow water depth in this basin part (see isobaths in
Fig. 3) and strong winds persisting in direction during
several days, surges (‘‘nagons’’) raising the water level
up to (additional) 2.5m in short time may occur and
inundate large (ﬂat) areas along the coast (Golitsyn,
1999). Such surge events occurred especially in the
late 1980s and in the ﬁrst half of the 1990s.
Documentations of the damage and even the loss of
human lives due to these surge events can be found on
public web sites, e.g., those of the City of Atyrau (2004)
(capital of the Atyrau region (‘‘oblast’’) in Kazakhstan,
see Fig. 3), the RFBR (2004) and the Caspiy.Net-forum
(2002). For the event in spring 1990, a ﬂooded area of
12,000 km2 (!) is stated for the Atyrau region. The
ﬂooded area of the event of 1991 was still larger and
affected also other regions. The ﬂood risk does not only
concern the inundated objects themselves, but due to
leakage of harmful substances from inundated objects
(oil-production plants, sewage plants, etc.) also the
water quality and sanitary conditions in a large area and
hence the ecologic conditions and ﬁshery (especially
with regard to sturgeon or salmon) in the northern part
of the CS. Discussed measures include (expensive) ﬂood-
protection dikes, especially for the oil industry. Even the
relocation of these industries and other objects is
discussed.
Problems due to the rising CSL are also reported from
other areas, e.g., from Baku/Azerbaijan or Lagan/
Kalmykya (Golitsyn, 1999). The Volga–Caspi problem
is thus a problem of international relevance. In addition,
it is often discussed in climate research regarding the
global change (e.g., Arpe et al., 2000; Golitsyn, 1995,
1999; Naydenko, 2003). This study pursues another
approach based on the statistical analysis of long-term
series of MQ in the Volga river basin. However, it may
be complementary with climatological approaches (see
the last section).
Since about 80% of the annual inﬂow from rivers and
about two-thirds of the total water input into the CS are
attributed to the Volga river, the knowledge of its long-
term ﬂow process is fundamental in an appropriate risk
assessment for the CS and its coastal area. The relation
between the ﬂow process of the Volga river and the
ﬂuctuations of the CSL has been the subject of extensive
investigations with respect to the overall water balance
of the CS (e.g., Golitsyn, 1995; Naydenko, 2003). This is
no simple task, because several, partly uncertain
components have to be taken into account: river inﬂow,
precipitation depth on and evaporation from the sea
surface, groundwater inﬂow, ﬂow into the bay of
Kara–Bogas–Gol. Nevertheless, a good ﬁt between
estimated and observed CSL changes was achieved in
former investigations (coefﬁcient of correlation of
0.87; Golitsyn, 1995). River inﬂow, especially from the
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were identiﬁed as the balance components having the
highest impact on the ﬂuctuation of the CSL includ-
ing the critical periods of the 1930s or 1970–1990s,
respectively.
However, our objective is not the modelling of the
water balance of the CS, but to contribute to the
identiﬁcation of the large-scale mechanism of long-term
ﬂow variations of the Volga river, which is a major
factor in the risk assessment for the CS and its coastal
area.Fig. 4. Periodograms and indirect spectral estimators (ISEs)
for the overall series (1879–1990) and the shortened series
1900–1990 of annual mean ﬂow (MQ) at the gauge of
Volgograd. Dashed lines indicate the signiﬁcance limits (SL)
of the hypothesis of a purely random White Noise process for
the error probability of 0.01.Analysis of long-term time series of annual mean
ﬂow at the gauge of Volgograd
In a ﬁrst step, we chose the series of MQ 1879–1990 at
the gauge of Volgograd representing the overall basin
(see Fig. 1; catchment area 1.36 million km2). For the
overall series, a statistically signiﬁcant, decreasing trend
(Fig. 2; error probabilityo0.01, one-sided test) was
determined using the least-square method and the non-
parametric signiﬁcance test according to Mann and
Kendall (see Helms, Ihringer, & Nestmann, 2002).
However, the result does not allow a physical inter-
pretation of the trend, because the development is
obviously not linear and superposed by other effects
(especially a grouping of wet and dry years). Never-
theless, the trend was removed for subsequent analyses
to avoid biased results. With respect to the observed
grouping effect, an oscillation analysis was performed to
investigate whether the pattern returns regularly or
randomly. For this, periodograms and indirect spectral
estimators (ISEs) were calculated. In periodograms, the
(standardised) overall variance of a time series yn ðn ¼
1; . . . ; NÞ is decomposed in variance fractions of oscilla-
tion components of different Fourier frequencies (FF)
f j. In that way, ‘‘hidden’’ oscillations in the time series
may be identiﬁed and statistically evaluated. Ordinates
P of the periodogram are calculated according to the
following equation:
Pðf jÞ ¼ N
1
N
XN
n¼1
ðyn  y¯Þ cosð2Pf jnÞ
 !224
þ 1
N
XN
n¼1
ðyn  y¯Þ sinð2Pf jnÞ
 !235 for j ¼ 1; . . . ; N=2.
ð1Þ
Further methodical details are given in Helms et al.
(2002). To identify the FF of long-term periods
correctly, combined periodograms and ISEs were
calculated, i.e., the available overall time series were
successively shortened of single years at their beginningand for each of the resulting series the periodogram and
the ISE were calculated (see also Peka´rova´, Mikla´nek, &
Peka´r, 2003). The periodograms and ISEs with the
greatest maximum ordinates (at the FF best describing
the major oscillation component) were selected. The
periodograms and ISEs for the overall series
(1879–1990) and the shortened series 1900–1990 (with
the greatest maximum of periodogram and ISE ordi-
nates) are shown in Fig. 4. It may be concluded that a
statistically signiﬁcant oscillation pattern occurred
especially in the 20th century. The wide ISE maximum
and the fact that several periodogram ordinates are
statistically signiﬁcant indicate that several oscillation
components are involved. The most signiﬁcant compo-
nents in the series 1900–1990 are those of the FF 0.033
and FF 0.055 until 0.077 (corresponding to periods of
30.3 and 18.2 until 13 years) with local periodogram
maxima, although the ordinate at the latter FF is
only slightly greater than that of the adjacent FF.
Regarding the non-consistency of estimated period-
ogram ordinates, the oscillation pattern with frequencies
between FF 0.055 and FF 0.077 can hardly be
differentiated.
However, when the oscillation components corre-
sponding to the mentioned local periodogram maxima
are plotted vs. time (Fig. 5), it can be observed that just
in the periods of the rapid changes of the CSL all three
oscillation components reached almost synchronously
their minima or maxima, respectively. In the remaining
periods, the components compensated each other more
or less and the CSL changed only moderately. With
regard to this observation, it is hypothesised that the
superposition of minima or maxima of the above
mentioned oscillation components were a major cause
of the temporary rapid changes of the CSL during the
20th century.
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Fig. 5. Series of annual mean ﬂow (MQ) with removed linear
trend at the gauge of Volgograd and oscillation components of
the speciﬁed Fourier frequencies (FF) identiﬁed for the period
1900–1990. Arrows indicate periods with superposed minima
or maxima of the oscillations, which are discussed with respect
to rapid Caspian Sea level changes.
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Volga river and Eurasian reference basins
A top–down approach is pursued to prove this
hypothesis. This approach aims at an assignment of
above mentioned temporal developments to responsible
(spatially differentiated) hydrologic processes. For this
purpose, long-term MQ series beginning in the 19th
century were collected for several gauges in the Volga
river basin (for gauge locations, see Fig. 1). These time
series were partly incomplete, especially due to the
installation of reservoirs in the Volga and Kama rivers.
However, in most of these cases, missing MQ data could
be estimated using balance or regression equations on
MQ data of ‘‘adjacent’’ gauges. In this way, we were
able to complete MQ series of the period 1881–1987
(and partly beyond) for the following sub-catchments: Volga upstream of the Oka mouth (gauges Gorodec/
Chkalovsk – 229,000 km2 catchment area); Oka (Gorbatov – 244,000 km2);
 Volga directly downstream of the Oka mouth
(Nizhny Novgorod – 479,000 km2); Belaya (Birsk – 121,000 km2);
 Vyatka (Vyatskiye Polyany – 124,000 km2);
 Kama upstream of the Belaya mouth (Perm/Kams-
kaya GES – 169,000/168,000 km2); Kama (overall catchment, Sokoly Gor – 507,000 km2)
andFig. 6. Periodograms with each the greatest maximum
ordinate for the series of annual mean ﬂow (MQ) 1881–1987
(or shorter) of selected catchments in the western part of the
Volga river basin.a residual catchment between Nizhny Novgorod,
Sokoly Gor and Volgograd (374,000 km2).
For the overall series of Gorbatov and the residual
catchment, decreasing trends (error probability of 0.1,
one-sided test) were found and removed. For subsequent
oscillation analyses, the series until 1987 were chosen for
all gauges (including Volgograd) to provide for compar-ability of the results. In the following, only the results of
the periodogram analyses are considered, since the
complex oscillation patterns cannot be sufﬁciently
differentiated using the ISE.
A group of catchments each with similar oscillation
properties could be identiﬁed for the western part of the
Volga river basin including the catchments of Gorbatov,
Nizhny Novgorod, Gorodec/Chkalovsk and the residual
catchment. The selected periodograms (each with the
greatest maximum ordinates) are combined in Fig. 6.
The maxima of these periodograms are in the range of
frequencies between FF 0.037 (Gorbatov, residual
catchment) and FF 0.034 (Gorodec, Nizhny Novgorod),
corresponding to periods of 27 and 29.7 years. This
result is consistent with those for the MQ series
1859–1988 of the adjacent Neva river basin at Novosar-
atovka near St. Petersburg (281,000 km2), which was
analysed for reference purposes after the removal of a
decreasing trend. In a shortened series (1878–1988), a
statistically signiﬁcant oscillation with a period of 27.8
years (FF 0.036; see Fig. 7) was identiﬁed. Using similar
methods, Peka´rova´ et al. (2003) found similar oscilla-
tions for selected rivers in North-Eastern Europe (Neva,
Vaenern-Goeta in Sweden). For the residual catchment,
a phase shift relative to the other catchments may be
detected in a plot of the mentioned oscillations vs. time
(Fig. 7). However, the sum of the oscillations of Nizhny
Novgorod and the residual catchment results in an
oscillation very similar to one of the statistically
signiﬁcant oscillation components at gauge Volgograd
(FF 0.034/period 29.7 years). Since no similar oscillation
component may be identiﬁed for the Kama catchment
(see below), it may be concluded that the above
mentioned 30.3-year oscillation at Volgograd (in the
series until 1990 instead of those until 1987!) originated
from the western part of the Volga river basin.
Different oscillation properties were identiﬁed for the
MQ series of the sub-catchments of the Kama river
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Fig. 9. Oscillations of the speciﬁed Fourier frequencies (FF)
identiﬁed for the series of annual mean ﬂow (MQ) of the
speciﬁed catchments in the Volga river basin. Arrows indicate
periods of rapid changes of the Caspian Sea level.
Fig. 7. Oscillations of the speciﬁed Fourier frequencies (FF)
identiﬁed for the series of annual mean ﬂow (MQ) of the
speciﬁed catchments in the Volga and Neva river basins.
Fig. 8. Periodograms with each the greatest maximum
ordinate for the series of annual mean ﬂow (MQ) 1881–1987
(or shorter) of selected catchments in the eastern part of the
Volga river basin (Kama river basin).
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Kamskaya GES, Birsk, Vyatskiye Polyany and Sokoly
Gor. Their periodograms (each with the greatest
maximum ordinates) are combined in Fig. 8. Maximal
periodogram ordinates were identiﬁed for FFs about
0.07. However, these oscillations represent each only
one component in a more complex pattern. Further
statistically signiﬁcant ordinates were identiﬁed for FFs
between 0.047 and 0.059. Due to the non-consistency of
estimated periodogram ordinates and possible leakage
effects, the overall pattern cannot be differentiated
based on analyses of MQ series. However, we found
that the sums of statistically signiﬁcant oscillation
components develop similarly to the sum of statistically
signiﬁcant oscillation components of the corresponding
frequency range between FF 0.045 and FF 0.079 at
gauge Volgograd (including FF 0.045, which is almost
signiﬁcant at an error probability of 0.1; see Fig. 9). A
certain difference occurs in the ﬁnal years, but the rising
tendency occurs in both patterns. Since no similar
oscillation component may be identiﬁed for the westernpart of the Volga river basin (see above), it may be
concluded that the complex oscillation pattern at
Volgograd with frequencies between FF 0.055 and FF
0.077 (in the series until 1990 instead of those until
1987!) originated from the Kama river basin. The
comparison of this oscillation pattern to the oscillation
component of FF 0.034 reveals again the occurrence of
synchronous minima/maxima just in the periods of
rapid CSL changes (see arrows in Fig. 9).
For the analysis of the oscillation pattern of the Kama
catchment, a more detailed process differentiation
according to the hydrologic regime was required.
Therefore, two series of seasonal mean ﬂow (April–June,
representing spring ﬂoods due to snow-melt, or July–
December, respectively) were analysed at the example of
the Belaya catchment (gauge Birsk). Periodograms
revealed that an oscillation with a period of 14.5 years
(FF 0.069) occurred in the series of the months
April–June and an oscillation with a period of 18.9
years (FF 0.053) in the series of the months July–De-
cember (Fig. 10). The identiﬁed oscillations were plotted
vs. time (Fig. 11). For this, these oscillations were
divided by two (July–December: 6 months) or four
(April–June: 3 months) to compare their amplitudes to
those of corresponding oscillation components of
(annual) MQ series. Periods and phases of the oscilla-
tions of seasonal mean ﬂow and respective MQ
oscillation components are similar. In addition, a major
part of the amplitude variance of the MQ oscillation
components may be assigned to those found for the
seasonal mean ﬂow series. It may thus be concluded that
the components of the MQ oscillation pattern originated
mainly from the ﬂow conditions in the mentioned
seasons.
Further evidence of these oscillation phenomena was
provided by the analysis of the MQ series of Eurasian
reference basins. For this purpose, we chose the series of
the Pechora river basin bordering on the Kama river
basin in the North (gauge Ust-Shugor; catchment area
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Fig. 10. Periodograms with each the greatest maximum
ordinate for the series of seasonal mean ﬂow 1881–1987 (or
shorter) of the Kama tributary Belaya (gauge Birsk).
Fig. 11. Oscillations of the speciﬁed Fourier frequencies (FF)
identiﬁed for the series of seasonal or annual mean ﬂow of the
speciﬁed catchments in the Volga, Pechora and Irtysh river
basins.
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the Northern Asiatic river basins of the Irtysh
(Omsk; 769,000 km2; 1936–1990), Ob (Kolpashevo;
486,000 km2; 1936–1989) and Yenissei (Igarka;
2,440,000 km2; 1936–1995). For the series of Omsk and
Kolpashevo, statistically signiﬁcant linear trends were
removed. In combined periodograms for the MQ series
of the Pechora river, a single, statistically signiﬁcant
oscillation with a period of about 18 years (FF 0.057,
shortened series beginning in 1919) was found. The
phase and the period of this oscillation are similar to
those of the oscillation in the series of mean ﬂow values
of the months July–December of Birsk (Fig. 11). For the
Northern Asiatic rivers, each single, statistically sig-
niﬁcant oscillations with periods of about 14 years (FF
between 0.070 and 0.075, shortened series beginning
about 1950) were found. This result is consistent with
those of Peka´rova´ et al. (2003) for selected rivers in
Northern Asia (e.g., Yenissei river at Igarka). The
example of the oscillation of the Irtysh gauge Omsk is
included in Fig. 11. The periods of these oscillations aresimilar to those of the oscillation in the series of mean
ﬂow values of the months April–June of Birsk (Fig. 11).
However, relative to the series of Birsk, a phase shift
of 2 or 3 years may be observed for the oscillations of
the Ob river or Yenissei river, respectively (not included
in Fig. 11).Conclusions and perspectives of ongoing
research
Our discussion on CS and its coastal area has shown
that the CS is a dynamic and unstable limnic system.
Potentials and risks of the socio-economic and ecologi-
cal conditions in this environment are contingent on the
quantitative and qualitative water supply, which itself
depends on the natural boundary conditions and the
anthropogenic impact. In addition to the focus of
present study on the CS, it should be mentioned that a
similar statement may also be given for the Volga–Ka-
ma cascade, which is partly a limnic (rather than a
ﬂuvial) system as well. In any case, the investigated long-
term ﬂow process of the Volga river basin is a main
dynamic natural boundary condition of the overall
Volga–Caspian system.
In a top–down approach, statistical analyses of long-
term ﬂow series (MQ, seasonal mean ﬂow) of selected
gauges in the Volga river basin and Eurasian reference
basins revealed strong evidence of a signiﬁcant impact of
different long-term oscillations in different areas of the
Volga river basin on the problematic ﬂuctuations of the
CSL during the 20th century. The rapid CSL ﬂuctua-
tions in the 1930s (decreasing level) or in the late 1970s
and 1980s (rising level) may be explained by the
temporary superposition of minima or maxima of these
long-term oscillations. In addition to this result for the
CS, it should be emphasised that the results likewise
serve the development of spatio-temporally differen-
tiated planning for the sophisticated and sustainable
management of water and (renewable) energy resources
in the Volga river basin.
Three components of the overall oscillation pattern
corresponding to three groups of catchments with each
similar oscillation properties were identiﬁed: a 30-year oscillation in the MQ series of the western
sub-catchments of the Volga river and the Neva
catchment. Regarding the adjacent position of these
catchments, this similarity is plausible. However, the
phase shift of the oscillation of the residual catchment
relative to those of the other catchments may hardly
be interpreted without more detailed climatological
analyses. a 14-year oscillation in the series of mean ﬂow of
the months April–June in the Kama sub-catchments
(e.g., Belaya at Birsk) and MQ in the Asiatic river
ARTICLE IN PRESS
M. Helms et al. / Limnologica 35 (2005) 114–122 121basins Irtysh, Ob and Yenissei. The mean ﬂow values
of the season April–June in the Kama sub-catch-
ments depend on snow melt events and thus probably
mostly on winter precipitation depths. Regarding the
extent of the Asiatic winter anticyclone to the West,
the similarity between the Kama and the mentioned
Asiatic river basins is therefore plausible. However,
to interpret the phase shift of the oscillations of the
Ob and Yenissei rivers relative to those of the Kama
and Irtysh rivers, more detailed climatological
analyses are needed. a 18-year oscillation in the series of mean ﬂow of
the months July–December in the Kama sub-catch-
ments and MQ in the Pechora river basin (without a
signiﬁcant phase shift between the oscillations).
Regarding the latitudinal shift of the temperate and
boreal climate zones during the year, this similarity is
plausible.
Altogether, it may be assumed that the Volga river
basin is a transition area of different zones of the global
atmospheric circulation. With regard to the ﬂow
processes in the investigated river basins, there are
indications that the dynamics of the contributing
circulation zones, especially their water cycles, had
oscillatory properties during the 20th century. To
substantiate this hypothesis, further research is required
(see below).
For the 19th century, the evidence for the hypothesis
weakens. However, for the 19th century, data are
available only for a relatively short period. The
question, how the described mechanism of CSL changes
due to superposing oscillation components developed
under changed climate conditions (Little Ice Age, which
was still prevailing the global climate of the 19th
century, see Lamb 1995, p. 243) would require further
historical analyses. On the other hand, substantial
historical ﬂuctuations of the CSL are documented (see
section on discussion on CS and its coastal area). With
respect to the discussed global climate change, it is
therefore still difﬁcult to reliably predict the ﬂow process
of the Volga river and the development of the CSL
during the 21st century.
For this purpose, more detailed, but also more
extensive hydrologic and climatological process analyses
for the Volga river basin and other Eurasian river basins
are required. Furthermore, hydrologic modelling tools
for macro-scale catchments, e.g., those developed in the
scope of the Volga-Rhine project, will have to be
coupled with regional climate models, which are driven
by General Circulation Models like, for example,
ECHAM4 (Arpe et al., 2000). In such an interface,
hydrologic analyses of the integrated and relatively
robust variable ‘‘ﬂow’’ may support the identiﬁcation of
relevant climatological patterns for problematic CSL
ﬂuctuations. On the other hand, an appropriate climatemodel may provide the input variables of realistic future
climate scenarios for the hydrologic simulation of ﬂow
series in the Volga river basin. Furthermore, a regional
climate model may contribute to a further utilisation of
simulated ﬂow series (water-balance calculations for the
prediction of the CSL, e.g., with regard to time-variant
evaporation; occurrence of winds that might cause surge
events). For reliable and complete risk assessment
procedures and planning processes for measures of risk
mitigation, the interdisciplinary interface has to be
completed by contributions of various disciplines, e.g.,
hydraulic modelling of surges, vulnerability assessment
using GIS-based tools for spatial data management and
ecological impact assessment. Based on the results
presented in this paper, further hydrologic investigations
(statistical analyses, application of macro-scale simula-
tion tools) may especially contribute to the assessment
of the long-term hazard with regard to the risk situation
considered in this paper.Acknowledgements
The research has been supported by the German
Federal Ministry for Education and Research (BMBF –
Grant No. 02WT0094). The authors are grateful to the
Russian project partners at the State University of
Architecture and Civil Engineering in N. Novgorod
(S. V. Sobol, A. V. Fevralev) for valuable discussions
and the support in the data collection. Furthermore,
thanks are due to C. Ka¨mpf, Institute for Water
Resources Management, Hydraulic and Rural Engineer-
ing/University of Karlsruhe, for valuable discussions.References
Arpe, K., Bengtsson, L., Golitsyn, G. S., Mokhov, I. I.,
Semenov, V. A., & Sporyshev, P. V. (2000). Connection
between Caspian Sea level variability and ENSO. Geophy-
sical Research Letters, 27, 2693–2696.
Caspiy.Net. (2002). Sagadki urovnya – fakty i gipotesy
(Enigmatic water level – facts and hypotheses). Available at:
http://www.caspiy.net/dir3/sol/sol8.html.
City of Atyrau. (2004). Caspiyskiy shelf – Vzglyad s
kazakhskogo poberejya ekologicheskaya situacia (Caspian
shelf – Ecologic Situation at the Kazakhian Coastline).
Available at: http://www.atyrau-city.kz/Rus/index_r.php?/
KCS/Book1/Csh09_r.php.
Golitsyn, G. S. (1995). The Caspian Sea level as a problem of
diagnosis and prognosis of the regional climate change.
Atmospheric and Oceanic Physics, 31, 366–372.
Golitsyn, G. S. (1999). Pegel voll im Kaspischen Meer
(Maximum Gauge Level at the Caspian Sea). In H. Grassl
(Ed.), Wetterwende: Vision: Globaler Klimaschutz (Weather
at the turning point: Vision: Global Climate Protection)
(pp. 194–205). Frankfurt, New York: Campus.
ARTICLE IN PRESS
M. Helms et al. / Limnologica 35 (2005) 114–122122Helms, M., Ihringer, J., & Nestmann, F. (2002). Analyse und
Simulation des Abﬂussprozesses der Elbe (Analysis and
simulation of the ﬂow process of the Elbe river). In
F. Nestmann, & B. Bu¨chele (Eds.), Morphodynamik der
Elbe (Morpho-dynamics of the Elbe river) (pp. 91–202).
Karlsruhe: University of Karlsruhe.
Lamb (1995). Climate, History and the Modern World.
London, New York: Routledge.
Naydenko, V. V. (2003). Velikaya Volga – Na rubeje
tysyacheletiy (Great Volga – At the Turn of the Millenium).
Nizhniy Novgorod: Promgraﬁka.
Peka´rova´, P., Mikla´nek, P., & Peka´r, J. (2003). Spatial and
temporal runoff oscillation analysis of the main rivers of
the world during the 19th and 20th centuries. Journal of
Hydrology, 274, 62–79.RFBR – Russian Foundation for Basic Research. (2004).
Yavlyayutsya li nedavniy podem urovnaya kaspiyskogo
morya i ego posledstviya prirodnoi katastrofoi ? (Does the
new water level of the Caspian Sea lead to a natural
disaster?). Available at: http://www.rfbr.ru/default.asp?
doc_id=5525.
UNEP – United Nations Environment Programme. (2004).
Management Experiences in Eastern and Central Europe.
In Newsletter and Technical Publications ‘Planning and
Management of Lakes and Reservoirs: An Integrated
Approach to Eutrophication’. Available at: http://www.unep.
or.jp/ietc/Publications/TechPublications/TechPub-12/.
UNESCO. (2001). UNESCO interdisciplinary demonstration
project in the Volga–Caspian basin – Report and recommen-
dations of the fact finding commission. Paris: UNESCO.
